We investigated changes in saccadic reaction time during maintenance of neck flexion in elderly individuals. Subjects comprised 49 volunteers, including 19 young adults and 30 elderly adults. Elderly subjects were separated into 2 groups (trained group: nϭ18; untrained group: nϭ12) based on responses to a questionnaire concerning activities of daily living. Saccadic reaction time was measured at angles of neck flexion of 0°(resting position), 10°and 20°, with the chin either resting on a stand (chin-on) or not (chin-off). Reaction time was determined as the latency to the beginning of eye movement toward the lateral target, which was moved at random intervals in jumps of 20°amplitude. In the chin-on posture, the angle of neck flexion had no significant effect on reaction time in any group. In the chin-off posture, the flexion angle significantly affected reaction time in both young and elderly trained groups. Significant shortenings of the reaction time were obtained at 10°and 20°neck flexion in the young group, and at 20°neck flexion in the elderly trained group. No significant shortening of reaction time was noted in the elderly untrained group. These findings suggest that neural function associated with shortening of saccadic reaction time due to neck extensor activity decreases with age, and the decrements become more marked with inactivity in daily life.
Introduction
A basic dynamic posture (Howorth, 1946) in which the foot, knee, hip and neck joints, and trunk are slightly flexed is consistently shown in individuals at sudden initiation of movement or in those pursuing a moving visual target. We previously reported that maintaining a position of neck flexion, which constitutes part of the dynamic posture, leads to a decrease in latency of saccadic eye movement (saccadic reaction time) in response to the start of movement for a visual target (Fujiwara et al., 2000 (Fujiwara et al., , 2006 . The neck extensors are activated when neck flexion is maintained. We also reported that saccadic reaction time decreased in association with moderate isometric contraction of the muscles in shoulder girdle elevation (Fujiwara et al., 2003; Kunita and Fujiwara, 2004) . These phenomena are believed to be caused by enhancement of brain activation level, in tandem with increases in muscle afferent information, via an ascending activation system existing primarily in the brainstem, and/or efferent signals that accompany neck extensor muscle activity (Taniguchi et al., 1980; Grantyn and Berthoz, 1987; Vallar et al., 1995; Berthoz, 1996; Shimura and Kasai, 2002) . We found that shortening of the reaction time during vibratory stimulation to the neck extensors was approximately the same as that during voluntary contraction, and suggested that ascending activation of the brain was caused by increases in muscle afferent information from neck extensors (Fujiwara et al., 2001) . To date, our series of investigations has been conducted in young adults.
Studies investigating age-related decrements in information processing ability in the central nervous system have suggested that one factor causing the decrement is a reduction in brain activation with age (Spirduso, 1995; Bunce, 2001; ShumwayCook and Woollacott, 2001) . Age-related reductions in brain activation have been reported in various studies. In an investigation using fMRI, the increase in blood flow in the sensory-motor area, thalamus and cerebellum during chewing is markedly smaller in elderly adults than in young adults (Onozuka et al., 2003) . The neural circuit among the cerebrum, basal ganglia and thalamus is reportedly important for the action of various movements including eye movement (Hikosaka et al., 2000; Mena-Segovia and Giordano, 2003) , and the disinhibition system, which constitutes part of the function of the basal ganglia, and brain activation are closely related (Mena-Segovia and Giordano, 2003). The number of D1 dopamine receptors related to the disinhibition decreases with age (Giorgi et al., 1987; Wang et al., 1998) . However, age-related changes in neural function associated with shortening of saccadic reaction time during maintenance of neck flexion have not yet been investigated. We presumed that age-related changes would be found in the brain activation effect while maintaining neck flexion, and predicted that shortening of saccadic reaction time would decrease with age.
Differences in limb reaction time in elderly adults depend on physical activity level, and reaction time is longer in untrained individuals than in trained individuals (Spirduso and Clifford, 1978; Spirduso, 1995; Bunce, 2001) . The longer reaction time in untrained elderly adults has been attributed to the marked reduction in information processing ability associated with inactivity in daily life. We presume that age-related reductions in the above-mentioned brain activation effect would become more pronounced with inactivity in daily life and that shortening of reaction times in elderly adults would be markedly smaller in untrained subjects than in trained subjects.
The present study investigated changes in saccadic reaction time during neck flexion in young and elderly adults. The working hypothesis was that shortening of saccadic reaction time would be smaller in elderly adults than in young adults. Furthermore, shortening of reaction time in elderly adults would be markedly smaller in untrained subjects than in trained subjects.
Methods

Subjects
Subjects comprised 49 volunteers, including 19 young adults (mean age, 20.0 years; range, 19-23 years) and 30 elderly adults (mean age, 69.8 years; range, 62-77 years) . No subjects reported any history of neurological, opthalmic or orthopedic impairments, and all provided informed consent to the experimental protocol. Furthermore, they had normal or corrected-to-normal vision. Elderly adults were separated into 2 groups based on responses to a questionnaire concerning activities of daily living over the past year. Classification items were as follows: 1) The subject has been doing standing work until now; 2) The subject goes jogging or walking a minimum of 20 min/day 3 times/week; and 3) The subject participates in exercise and/or sports 3 times/week. If the elderly subject fulfilledм1 of these criteria, they were regarded as trained. The elderly trained group comprised 18 subjects, while the elderly untrained group comprised 12 subjects. No significant differences in age were identified between the 2 elderly groups (elderly trained group: mean age, 70.0 years; elderly untrained group: mean age, 69.4 years).
Apparatus and data recording
An outline of the experimental setup is described in our previous study (Fujiwara et al., 2000) . Subjects sat on a steelframe chair with their backs resting against a vertical wall and the trunk secured by two acrylic belts, one around the chest and the other around the hips, to prevent anteroposterior movement of the trunk. Subjects kept knees flexed at approximately 90°and rested their feet on a low table.
The angle of neck flexion was defined as the rotational angle of the tragus around the acrominal process in the sagittal plane, with the starting position (0°) representing a quiet sitting posture. The angle of flexion was strictly determined using an angular detector in which the central point was set at the acrominal process and the distance between the acrominal process and tragus was regulated. The angle of head inclination was determined as the angle between the auriculoinfraorbital line and the gravitational line, and was the same as that during the sitting posture, to maintain a consistent sensory stimulus from the vestibular organ. An angular detector using the principle of a pendulum was placed on the temple and was used to establish this angle. A stand was used to support the head, allowing the neck extensor muscles to be as relaxed as possible. For electromyography (EMG) of the trapezius muscle, signals from bipolar surface electrodes placed over the upper trapezius muscle were amplified (ϫ2000) and band-pass filtered (1.6 Hz to 1.5 kHz) using an EMG amplifier (6R12, NEC, Japan). Electrode-input impedance was reduced to Ͻ2 kW. To monitor the EMG of the trapezius, signals were directed to a digital oscilloscope (DS-6612, Iwatsu, Japan).
A visual stimulator (SLE-5100, Nihon Kohden, Japan) was used to induce saccadic eye movement. Visual stimuli from the left and right light emitting diodes (LEDs) were alternately lit for random durations of 2-4 s, using a personal computer with a D/A converter. Two LEDs were placed at the height of the root of the nose, and the distance between the central point between the 2 LEDs and the root of the nose was set at 50 cm. The visual angle was set at 20°, and the LEDs were located 10°l eft and right of the central point. Horizontal eye movement was measured using electro-oculography (EOG). Surface electrodes were placed at the outer canthus of each eye with a ground electrode at the center of the forehead. Electrode-input impedance was reduced to Ͻ10 kW. The signals from the electrodes were amplified (ϫ2000) using a DC amplifier (AN-601G, Nihon Kohden, Japan). To obtain steady EOG, the time interval from the point of securing the electrodes to data recording was set at Ͼ20 min. For subsequent analyses, the signals from the electrodes and the D/A converter were stored in a digital tape recorder (RD-130TE, Teac, Japan).
Procedure
Prior to the start of data recording, in order to relax the trapezius muscle, contraction and relaxation of the shoulder girdle elevator muscles was alternated several times and a deep breath was taken. The experimenter verbally instructed subjects to relax the trapezius muscle, and relaxation of that muscle was monitored by EMG. Furthermore, a trial series following the alternately lit LEDs was performed 3 times for 20 s. Saccadic reaction time was measured at a neck flexion angle randomly set at 0°(resting position), or 10°or 20°, with the chin either resting on a stand (chin-on) or not (chin-off). Reaction times were measured for 30 s, and measurements under each condition were performed 3 times with a 3-min rest between each measurement.
Data analysis
Data from EOG and visual stimulus in the measurement of saccadic reaction time were sent to a computer via an A/D converter at 1000 Hz with 16-bit resolution. Reaction time was defined as the latency to the beginning of eye movement following the onset of target movement. Processing of saccadic reaction time was performed using BIMUTAS-II software (KISSEI, Japan).
One-way analysis of variance (ANOVA) was used to compare group differences in resting neck angle, maximum angle of neck flexion, head inclination angle and saccadic reaction time, and to study the effects of condition on reaction time. Post-hoc analysis using Student-Newman-Keuls multiple comparison explored the nature of the differences indicated by ANOVA. Alpha level was set at the level of pϽ0.05. All statistical analyses were performed using Excel 2000 (Microsoft Corp, USA) with Statmate III (ATMS, Japan).
Results
Resting neck angle, maximum angle of neck angle and head inclination angle are shown in Table 1 . The resting neck angle was significantly smaller in both elderly groups than in the young group (F 2,46 ϭ6.78, pϽ0.01; elderly trained vs. young, pϽ0.05; elderly untrained vs. young, pϽ0.05) . No significant difference existed between the 2 elderly groups. No significant differences in the maximum angle of neck flexion and the head inclination angle were found among the 3 groups. Figure 1 shows mean saccadic reaction time under each condition. In the chin-on posture, saccadic reaction time at a neck flexion angle of 0°was 195.6Ϯ14.6 ms for the young group, 197.4Ϯ17.4 ms for the elderly trained group and 208.8Ϯ14.4 ms for the elderly untrained group. Reaction time was significantly longer in the elderly untrained group than in the other groups (F 2,46 ϭ3.23, pϽ0.05; elderly untrained vs. young group, pϽ0.05; elderly untrained vs. elderly trained, pϽ0.05). The neck flexion angle had no significant effect on reaction time in the chin-on posture for all groups. In the chinoff posture, groups displayed significantly different saccadic reaction times according to the neck flexion angle. In the young group and elderly trained groups, reaction time tended to gradually decrease up to 20°flexion. Significant decreases in reaction time were obtained at 10°and 20°neck flexion in the young group (F 2,56 ϭ10.90, pϽ0.01; 0°vs. 10°, pϽ0.05; 0°v s. 20°, pϽ0.01) and at 20°neck flexion in the elderly trained group (F 2,53 ϭ3.81, pϽ0.05; 0°vs. 20°, pϽ0.05) . No significant decrease in reaction time was identified in the elderly untrained group.
Discussion
Previous reports have suggested that the information processing ability of the central nervous system decreases with age (Fozard et al., 1994; Birren and Fisher, 1995; Schmidt and Lee, 1999; Ratcliff et al., 2000; Salthouse, 2000; Zheng et al., 2000; Allen et al., 2004) . This phenomenon has been extensively investigated with regard to age-related changes in saccadic reaction time (Carter et al., 1983; Wilson et al., 1993; Olincy et al., 1997; Munoz et al., 1998; Shafiq-Antonacci et al., 1999; Klein et al., 2000) . One study suggested that saccadic reaction time in elderly adults differs depending on Values represent mean and SD. * Significant difference from value at neck rest position. level of physical activity, with longer reaction times in untrained individuals compared to trained individuals (Gauchard et al., 2003) . In the present study, saccadic reaction time in the resting position was longer in elderly untrained subjects than in young or elderly trained subjects. These findings are consistent with previous results. Eye movements in the present study were referred to as visual-guided saccade, and the associated neural pathway comprises the lateral geniculate body, occipital cortex, parietal eye field, frontal eye field, superior colliculus and reticular formations (PierrotDeseilligny et al., 1995) . Neural degeneration in the broad area within the cerebral cortex, including the areas associated with saccade, is promoted with age (Creasey and Rapoport, 1985) . Conversely, neural degeneration with age is not observed in the brainstem reticular formation (Vijayashankar and Brody, 1977) . These findings suggest that the reason for longer reaction times in untrained elderly person is the age-related reduction in information processing ability in the higher nervous system associated with the saccade. An important result observed in the present study was the group difference in shortening of saccadic reaction time while maintaining neck flexion in the chin-off posture. Reaction time was significantly decreased in young and elderly trained subjects. Significant shortenings in reaction time were obtained at 10°and 20°neck flexion in young subjects, and at 20°neck flexion in elderly trained subjects. Conversely, no significant shortenings in reaction time were seen in elderly untrained subjects. In the present study, maximal neck flexion was approximately 30°for all groups. Furthermore, the head inclination angle was strictly checked as being identical to that during the resting position. The present findings suggest that neural function associated with shortenings of saccadic reaction time due to neck extensor activity decreases with age, and that the decrement become more marked with inactivity in daily life. We noted the following reports concerning neural function. The number of muscle spindles reported does not deteriorate with age (Swash and Fox, 1972; Hartung and Asmussen, 1988) . Neural degeneration with age is not observed in the brainstem (Vijayashankar and Brody, 1977) . According to an fMRI study, increased blood flow in the sensory-motor area, thalamus and cerebellum during chewing is markedly reduced in elderly adults when compared to young adults (Onozuka et al., 2003) . The neural circuit among the cerebrum, basal ganglia and thalamus appears important for the action of various movements, including eye movement (Hikosaka et al., 2000; Mena-Segovia and Giordano, 2003) , and the disinhibition system, which constitutes part of the function of the basal ganglia, and brain activation are closely related (Mena-Segovia and Giordano, 2003) . The number of D1 dopamine receptors related to disinhibition decreases with age (Giorgi et al., 1987; Wang et al., 1998) . The effect of longterm brain activation training on the shortening of response time was investigated using cerebral blood flow and electroencephalography (Fontani and Lodi, 2002; Agostino et al., 2004; Sturm et al., 2004) . The training effect was observed in parts of the cerebral cortex related to the response, comprising the basal ganglia and thalamus (Agostino et al., 2004; Sturm et al., 2004) . These findings suggest that agerelated reductions in brain activation function associated with shortening of saccadic reaction time are found in the higher nervous system above the brainstem, and that decrements become more marked with inactivity in daily living.
The present results suggest that neural function associated with shortening of saccadic reaction time due to neck extensor activity decreases with age, and decrements become more marked with inactivity in daily life.
